
OPERATIONS CRITERIA APPLIED

IN
DWR PLANNING SIMULATION MODEL

MEMORANDUM REPORT

FEBRUARY, 1986

D--001 924
D-001924



Stat~ 6f Calif~nia The Resources Agency

"Memorandum

De~ : March 12, 1986

7o : Jerry D. Vayder

Sushll K. Arora
Planning Branch

From : Department of Water Resources

Subi~: Opera~ions CriTeria Applied in DWR Planning Simulation Model

This memorandum repor~ was prepared ~o documen~ ~he Opera~lons CriTeria and
Assumptions currenZly incorporaTed in ~he DeparZmen~ of WaTer Resources
Planning Simu!a~ion Model. The Simulation Model is qui~e flexlble in T/%a~ any
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I ¯ INTRODUCTION

This report describes the various types of operations criteria and assumptions
currently used in the Department of Water Resources Planning Simulation Model
for California (DWRSIM).

The Planning Simulation Model is a generalized computer planning model for
California’s Central Valley and its two major systems, the Central Valley
Project (CVP) and The S~ate Wa~er Project (SWP) (see Figur~ 1.1 ). It is
designed ~o simulate operation of r/ue CVP-SWP system on a monthly time basis
for purposes of water supply, flood control storage, recreation, instream flow
maintenance, and hydroelectric power generation. The model represen~a the
actual CVP-SWP systems by a network of control points representing surface
reservoirs, ground water reservoirs, and river and canal reaches. Control
points are connected by links representing tributary stream inflows, pumping
plants, and power generating plants. The program is qui~e flexible in that
changes for almost any configuration of surface reservoirs, ground water
reservoirs, river diversions, power generating plants, pumping plants, and
conveyance facilities can be incorporated by changes~ in input da~a rather Than
by modifying the model. The schematic representation of the C/P-SWP systems
is shown on Figure 1.2. For more description of the Simulation Model refer to
the Division of Planning’s repor~ "The Department of Water Resources Planning
Simulation Model for California" January, 1985.

To conduct a typical planning study, certain criteria and assumptions must
be pre-speclfled as input to ~he model in order to carryout a simulation of the
C~?-SWP systsms, in particular this operational data includes instream
requirements for each river system, storage reservoir operational
charac~eristlcs, Sacramento-San Jcaquin Delta quali~y and associated outflow
requirements, SWP-CVP coordinated operations parameters, San Luis Reservoir
operation objectives, California Aqueduct operational constraints, and
parameters for conjunctive operation of ground water storage projects when
integrated with ~he SWP. At present planning s~udies are carried out under
hydrologlc conditions representing 1980, 1990 and 2000 levels of development.
Demands on the systems can he selectsd for any present or future level.

Since the Department’s objective is generally to investigate and evaluate
different criteria and facilities of the SWP system, more emphasis in this
report is placed on the discussion of SWP operational data. As far as CVP’s
operational characteristics are concerned, attempt is made to operate the CVP
facilities so as to have comparable operations which match the Bureau of
Reclamation’s (USBR) operations in their planning model.
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II. TRINITY RIVER SYSTEM

Clair Engle Lake

Clair Engle Lake provides for’~he regulation and control of Trinity River
and for the transbasin diversion of approximately 80 percent of TrlnltyRiver
wa~er to ~he Sacramento River Basin to augment ~he supply and utilization of
water in the Central Valley Project (CVP). Figure II-1 shows schematic
represen~atlon of TrinltyRiver and upper Sacramento River systems.

In the operation of the 2,448 TAF Clair Engle Lake, no specific provisions were
originally made for flood control, although flood control reservation is
maintained from October through February each year. Flood control space of
98, 498, 598, 388 and 388 TAF respectively, is maintained for the five month
period as used by USBR in their operation studies.

Clair Engle Lake is also operated ~o satisfy minimum flows for fish and
wildlife requlremen~a below Lewis~on Dam. This release is 287 TAF/yr during
most years, reduces to 220 TAF/yr in dry years and further reduces to 140
TAF/yr during critical years. The definition of water year is determined by
Shasta criteria and change is made effective March I. Within the simulation
model these flow requirements are shown as a diversion at control point (CP) 94.

Export to SacramentoRiver (for use in Central Valley Basin) is made via
Judge~Francis Carr Tunne! and Powerhouse which has a maximum capacity of 3,300
cfs. This export is maintained at about 670 TAF/yr during the critical
period but during more normal hydrologic periods exports average closer to 900
TAF/yr.

W.hlskeytown Lake

-Whiskey~ownLake, wiZh 251TAF of storage, re-regulates the transbasin flow of
Trinlt-/River from LewisZon Lake through the Judge Francis Carr P~werplant and
into Spring Creek Tunnel with a capacity of 3,600 cfs. It also stores and
regulates inflow from Clear Creek.

Releases are made to Clear Creek to meet downstream demands for water rights,
atreamflow maintenance and project use. The remainder is oc~veyed to Keswick
Reservoir cn the Sacramento River via Spring Creek Powerhouse. While not
operated to meet defined flood control criteria, about 40 TAF of storage space
is maintained during the winter months to help prevent flood releases to Clear
Creek.

Additional releases from Clair Engle and/or Whlskeytown may need to be made
in order to satisfy Sacramento River demands or Delta demands to achieve
balanced storage among the CVP reservoirs serving common downstream demands.
This balancing among %he reservoirs is achieved by defining targe~ storage
levels in the model. The operating rules can be changed by changing the
input data.
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Figure ]I.1. SCHEMATIC REPRESENTATION OF

TRINITY RIVER AND UPPER SACRAMENTO RIVER SYSTEMS

CLAIR ENGLE LAKE;
TRINITY DAM SHASTA LAKE,

& POWER PLANT & POWER PLANT

SPRING CR. CONDUIT
& POWER PLANT

WHI,.~KEYTOWN
LEWISTON LAKE, LAKE & DAM,~ !, KESWICK RES.
& POWER PLANT .,~ ~’~

POWER PLANT

Trinity r~ ¯

CLEAR CR. TUNNEL
& JUDGE FRANCIS                                         Creek

CARR POWER HOUSE

II.2

D--001 931
D-001931



III. SACRAMENTO RIVER SYSTEM

Shasta Dam and Lake

ShasTa Dam is loca~ed on the Sacramento River creating a multipurpose
reservoir of 4,552 TAF. I~ provides flood control s~orage and regulates
winter runoff for many purposes includinE Irrigation. in the Sacramento and
San Joaquln Valleys, maintenance of fishery and navigation flows in %he
Sacramento River, pro~eotion of ~he Sacramento-San Joaquin Delta from in~rusion
of saline ocean wa~er, provision of wa~er for municipal and industrial use, and
Eeneration of hydroelectric energy.

Shasta Powerplan~ is located just below the dam, and nine miles downstream
from Shasta Dam are Keswlck Dam and Powerplant, also loca~ed on the Sacramento
River. Keswlck Reservoir crea~es an afterbay where Trinity River water is
combined wi~h Sacramento River water and is used ~o mee~ instream flow
requirements in Sacramento River and provide irrigation service
ShasTa County (see Figure II.1).

Fish and Wildlife in Sacramenzo River

Minimum releases must be made by ~he ShasZa-Keswick complex Tm meet fish
fl~w requlremen~s below Keswick in Zhe Sacramento River. The m!nlmum releases
as made in our simulation model are based on the da~a used in USBR operation
studies. Table III. I shows monthly dis~ributlon and ~otal annual values under
different ~ypes of wa~er years as determined from Shasta Inflow Index.

TABLE

Keswick Fish Flows

Normal
Month Year_._._~s Dr-/. Years

January 160 123
February 144 111
March 141 151
hp ril 137 137 _
May 141 141
~une 137 157
July 1~1 151
A~gust 1~1 1~1
Septe robe r 2[52 167
October 240 172
November 232 167
December 160 12___~5

ToTal 2,006 I ,701
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Navi6ation Flows in Sacramento River

Additional releases, if necessary, must also be made out of ~he Shas~a-Keswlck
complex to maintain navigation flows in the Sacramento River. The actual flow
requirements and the specific locations vary as the navigation control point
(NCP) moves up and down the river between Knights Landing and Colusa. Required
flows are keyed ~o the flow at Knights Landing and reflect the availability of
local accretions. The flow da~a is generally 5,000 cfs during normal years,
but drops to 4,000 cfs in The critical period, and sometimes, particularly in
November dropping to as low as 3,000 cfs.

Flood Control Protection

One of ~he main purposes of Shasta Reservoir is to provide pro~ec~ion from
floods. During the operational period as used in the simulation model, varying
amounta of flood control reservation are provided depending upon the an~eceden~
We%heSS conditions. To avoid large discharges down ~he Sacramento River .in the
month of October, when flood reservations are first needed, storage limits
are placed on reservoir storage in the model. These limlt~ act in a manner
similar to flood reservation in the summer months. Therefore, in all hut The
months of May and June, flood control space is provided as shown in

TABLE III.2

Shasta Lake Flood Control Reservazions

Month Flood Control Reservation

CT )

October I ,152
November I ,300
December I ,172
January 722 to I ,300
February 296 to I ,300
March 0 to 1,136
April 0 to 494
July 252
August 552
Septamber 852

OTher releases which must be made when needed from the Shasta-Trinity complex
are those to meet CVP Del~a exports and CV~’s share of Delta water quali~y and
outflow requirementa. These release requirements are coordinated with Folsom
releases so as to have the most optimum and efficient system-wide operation.

III.2
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IV. FEATHER RIVER SYSTEM

Orov!lle-Thermalito Complex

Lake 0roville, principal reservoir of ~he State Water Project (SWP) with a
storag~ capacity of 3,558 TAF is loca~ed near the town of 0roville In Butte
County. All branches and forks of ~he Feather River flow Into This reservoir.
Water released flows through ~he Thermali~o Complex and ~he natural channels

¯ of the Feather and Sacramento Rivers to the DelTa. 0T/net features include
Edward HyaZt Powerplant, Thermalito Diversion Dam, Fish Barrier Dam, and the
Thermallto Forebay and Af~erbay. Figure IV.I shows schematic representation of
Fear/~er River system.

The major function of this complex is ~o conserve and regulate ~he flows of the
Feather River for subsequen$ release ~o the Sacramento-San Joaquln Delta.
Here ~he releases provide sallniZy control against the incursion of sallne
wa~er from the ocean and can be exported via the NorTh Bay and California
Aqueducts. Additional purposes of The project include hydroelectric power
generation, flood control protection, enhancement of fisheries in the Feather
River, and recreation.

Feather River Service Ares (FRSA1

Diversion requirements for the FRSA are made available at Thermalito Af~erbay
and cover the water rights for Richvale Irrigation District, Biggs-West Gridley
Water District, Butte Water District, Sutter Extension WaTer District, and
PGand~ as per the agreements signed on May 27~ 1969, between ~hese agencies and
Department of Water Resources. Total agreed supply is 955 TAF. With
al!owances for drought deficiencies the supply is reduced 144 TAF for a 25
percent deficiency and 287 for 50percent deficiency. Monthly pattern and
values are representative of the diversions in the historic record 1968-1980,
as reported from Jan Rogers in her memo ~o Jerry Vayder dated May 26, 1985.
The criteria for applying deficiencies has been spelled out in the agreements
si~ed and generally is in phase wiT/1 the criteria used in applying deficiencies
to Projec~ contractors south of the DelTa. Project deliveries for Yuba City
and Butte County are added to the FRSA demands.

Fish and Wildlife in the Feather River

Operation of 0roville for the purpose of management of fish and wildlife in the
Feather River is made as per agreement between Department of Fish and Game and
Department of Water Resources dated August26, 1983. As per T/hls agreement:

(i) A minimum flow of 600 cfs (400 cfs until a diversion dam power plant
becomes operational) must be released into the Feather River from
the Thermali~o Diversion Dam. Such flow will be the total of flows
from the diversion dam outlet, diversion dam power plant, and the
Feather River Fish Hatchery pipeline.
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Figure ]~.1. SCHEMATIC REPRESENTATION
OF FEATHER RIVER SYSTEM
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(ii) Based on the April ~hru July unimpaired runoff of Feather River near
Oroville of ~he preceding water year (Oct. 1 thru Sop. 30),
additional wa~er must also be released from the Thermalito Afterbay
river outlet to maintain flows in the Feather River immediately
below, this outlet and to the mouth of r_he Feather River a~ Verona in
accordance with the following schedule, provided that such
additional release will no$ cause Orov!lle Reservoir ~o be drawn
below elevation 733 feet (approximately I ,500 TAF).

TABLE !V.I

Feather River Fish F!ows

Minimum F!ow Schedule in
Feather RAver

Below Thermalito Af~erba[

The preceding April zhru
July Unimpaired Runoff of April
The Feather River near Oct Thru
Oroville~ Percent of Normal~-~ Thru Feb March September

55% or greater 1,700 cfs I ,700 cfs 1,000 cfs
Less than 55% 1,200 cfs 1,000 cfs I ,000 cfs

** Normal is defined as the April thru July 1911-1960. mean unimpaired runoff
near Oroville of 1942 TAF.

(iii) if T/ue April I runoff forecast in a given water year indicates ~hat,
under normal operation of SNP, the reservoir level will be drawn to
elevation of 733 feet (approximately I ,500 TAF), releases for fish
llfe in zhe above schedule may suffer monthly deficiencies in the
same proportion as r.he respective monthly deficiencies imposed upon
deliveries of water for agrlculZural use from the Project. However,
in no case shall We fish water releases in the above schedule be
reduced by more t~an 25 percent.

(iv) If for ~wo or more consecutive water years the April thru July
unimpaired runoffs average less than 60 percent of normal, then the
minimum flow shal! be as shown in the above schedule for runoff of          _
less than 55 percent.

(v) If during the period of October 15 thru November 30, the combined
project releases into the Feather River from the Thermali~o
Diversion Dam and Thermallto Af~erbay exceeds 2,500 cfs (except for
flood control releases or other emergency reasons), then the
minimum flow in the Feather River as specified in Paragraph (i)
for the period of October thru March will be modified such that
flow is not less ~han 500 cfs below the combined projected releases.

IV.3
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Minimum Required Del~a Outflow

Orov!lle Reservoir must make additiona! releases, if necessary, ~o meet its
obligation of DelTa ou~flow requiremen%a, including carriage water. Minimum
mequlred Delta cuff low necessary ~o satisfy ~he wa~er quality objectives set
for~ in Decision 1485 of Sta~e Watsr Resources Control Board must first be
satisfied from uncontrolled flows arriving in DelTa, and storage releases if
necessary. The share of storage releases ~o be made from Oroville, as well as
from CVP reservoirs, is determined in accordance with the sharing provision of
May 20, 1985 draft Coordlna~edOperaticn Agreement with USBR.

SWP Contractors Demands

Thirty agencies have contracte~ for a long-~erm water supply from the S~ate
Wa~er Project totalling 4.22 million acre-feet annually, of which 4.11 million
acre-feet are for cont~actlng agencies with service areas south of DelTa.

In order ~o meet entitlement requests during any given year, Harvey 0. Banks
DelTa Pumping Plant must export wa~er from the south DelTa, either for chirect
delivery or for re-regulatlon in the SWP portion of San Luis Reservoir. In
some months, during an operational cycle, Oroville Reservoir must make a
conservation release ~o meet expor~ demands. These releases are coordinated
with the operation of San Luis Reservoir storage.

Flood Control .~rotectlon

One of the purposes of ~he S~P is to provide flood control pro~ection. Storage
in Lake Oroville must be lowered every year ~o make room for the winter r~ins
and spring snowmelt ~hat could cause flooding.

Monthly flood control space requirements for the period of record (1922 thru
1978) has been provided by the U. S. Army Corps of Engineers for flood
operation of Oroville Reservoir. In all but four months (May, June, July, and
August) flood control space is provided based on antecedent precipiTation and
ground wetness conditions. Range of f!ood control space for the operational
period is shown in Table IV.Z.

TABLE IV.2

Oroville Lake Flood Control Reservations

Month Flood Control Reservation
(TA )

October 375 Co 700
November 375 ~o 750
December 375 to 750
January 375 to 750
February 375 rm 750
March 375 to 750
April 68 ~o 450
September 188 Zo 37.5

IV. 4
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V. AMERICAN RIVER SYSTEM

Felsom-Nimbus Complex

¯Folsom Lake with 1,010 TAF storage capacity is located on the main s~em of the
American River near ~he town of Folsom and 20 miles upstream from Sacramento.
O~her features of this project include Folsom Powerplant, Nimbus Dam and
Powerplan~, and Folsom SouT/% Canal. Lake Natoma, created by Nimbus Dam, is
used for re-regulation of the Folsom Lake releases Do the American River and
also is used for Folsom SouTh Canal diversions. Figure V.I shows schematic
representation of American River system.

Folsom Lake is a multiple-purpose project and provides the water supply and
regulation ~o satisfy (a) local demands and water rights in the lower American
River Basin, (b) Folsom Sou~h Canal contracte, (c) stream maintenance
flows for flsheryand recreation below Nimbus, (d) salinity repulsion in the
Sacramento-San Joaquin Delta, (e) augmentation of C~/P supply to meet i~s DelTa
expor~ demands, (f)generate hydroelectric power, and (g) provides flood
pro~ection to Sacramento and to adjacent suburban areas.

Local Demand@~ Water Rights and Contracts

Folsom Lake is operated to release enough water to meet local demands by City
of Folsom, San Juan Suburban Water District, CiTy of Roseville, Nor~ch Fork and
Natomas Ditches and Folsom Prison. In addition to These demands water is also
released to meet demands for the City of Sacramento, Carmichael, Folsom South
Cana! exports, and riparian use along the American River.

In the absence of Auburn Reservoir in the system, diversions for Placer County
Water Agency (PCWA) are deducted from the inflow to Folsom.    E1 Dorado County
demands are also deducted from inflow to Folsom Reservoir. Normally deficiencies
are applied only to the project diversions for PCWA, San Juan Suburbs-n, and
Roseville. However, when the Folsom Sou~h Cana! exports include water for
agricul~ur~l use, deficiencies are applied as per CVP contract provlslo~s.

Fish and Recreation Releases

Folsom Lake must make releases in accordance with SWRCB Decision 893 such that
after meeting local demands there is enough flow in the American River to
maintain the fishery below Nimbus Dam. In 1957 ~he Bureau entered into an
agreement wiZhDeparZment of Fish and Game regarding American River flow                -
releases. This agreement provides for minimum fishery flows of 250 ors from
January I through September 15, and 500 cfs from September 15 through December
31, except for critically dry years when deficiencies up to 50 percent could be
applied. Under normal conditions with other conservation releases, the mlnim%nm
flows below Nimbus Dam are usually higher ~han these amounts.

In 1972, in connection with the water right application for Auburn Dam and
Reservoir, Decision 1400 of S~ate Water Resources Control Board was issued
prescribing a minimum flow of 1,250 cfs between October 15 and July 15
for fishery purposes, and 1,500 cfs between May ~5 and October 14 for
recreational purposes.
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Figure ~’.1. SCHEMATIC REPRESENTATION
OF AMERICAN RIVER SYSTEM
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At present our simulation s~udies attempt ~o follow USBR pz-~ctice and meet as a
minimum, D-I$00 flows ~o the Cizy of Sacramento diversion point. In critical
dry periods it is necessary ~o drop to D-895 requirements. The selection of
flows ~o be me~ is based on storage in ~he reservoir, in ~he simulation model
¯ he operational critarion is ~he reservoir ~arge~ s~orage Level 2 (RL2) value.
As long as ~he storage in Folsom Lake is grea~er ~han RL2 value, ~he reservoir
makes ~he releases ~ meet D-1400 ("maximum ~arget" amounts) and switches to
D-893 ("mlr~tmum ~arget" flows) during ~he period When s~rage An Folsom drops
below RL2. Also, minimum flows below the Sacramento Treatment Plant diversion
poln~ are always specified as D-895 flows.

Del~a In-Basln Uses and CV£ Ex~. or~s

Besides meeting American River requirements, Folsom complex is operated in
c~njunctlon with Shas~a-Trlni~y complez t~ mee~ any additional requirements
from the Del~a for ~he CV£ system. Thesedemands include CV£ share of De!~a In-
Basin uses and exports from ~he Del~a to mee~ C’~ contractual demands. Effor~
is made so ~ha~ ~he CV£ system as a whole is operated as one system and ~
minimize unnecessary surpluses in the Delta.

Flood Control Protection

One of ~he main purposes of Folsom Lake is ~ provide pro~ec~ion from floods
~ Sacramen~ and suburban areas. During the operational period, as used in
the simulation model, varying amount of flood control reservation are provided
depending upon ~he antecedent wetness conditions. All bu~ for ~he months of
May and June, flood control space is provided as ~abula~ed in Table V.I. As
explained in the section dealing wi~h Shasta Lake, reservoir levels are brought
down during the early fall months(*) so that it will no~ be necessary to make
large releases when ~he flood reservation requirement s~ar~s.

TABLE V. I

Folsom Lake Flood Contro! Reservations

Month Flood Control Reservation

October 350
November 400
December 400
January 232
February 252 ~ 400
March I~0
April 0 ~ 89
July* 50
August* 150
Sep~mber* 230

V.3
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VI. ST.~NISLAUS RIVER SYSTEM

New’Helones Lake

New Melones Lake is !oca~ed on Stanlslaus River abou~ 35 miles northeast of
Modesro. Figure VI.I shows schematic r~presentation of S~anislaus River
system. The r~servoir has a ~o~al storage capacity of 2,400 TAF and is
operated ~o satisfy local water needs, fishery enhancement, and wa~er quality
improvemenz of ~he San Joaquln River. Iz also generates hydroelectric power
and provides flood control protection. Operatlon of New Me!ones Lake is
~ar~ially controlled by Decision 1422 issued by the S~aze Water Resources
Contro! Board in April 1973 as discussed below.

Local IrTi~atlon Wa~er Demands

New Melones is operated ~o meet the local irrlga~ion demands within
Stanislaus, Calaveras, Tuolu~Lne and San Joaquln Counties. At prasent no use
of wa~er is made ouT.side T/lose areas. The local ~Lis%ricts have contracts
totalling 49 TAF of firm supply and 106 TAF of inZerim supply per year. The
~otal 15~ TAF is r~duced to I0Z.3 TAF in critical years.

Fish and Wildlife Releases

Additional releases of wa~er up ~o 98 TAF per year must be made in the
l~wer%Stanislaus. River below GoodwlnDam for preservation and enhancement of
fish and wildlife. Deficiencies are allowed during dry conditions. Actual
monthly distribution during a normal year is established by Department of Fish
and Game.

MainZenance of Wafer Quali~y

Releases from the project are also made Zo maintain water quality of no more
. ~ 500 ppm TDS az ’~ernal±s" on zhe San Joaquln River and a dissolved oxygen
content of 5 ppm in the Stanislaus River. Addizional releases
necessary, over and above the 98 TAF fish flow mentioned earlier. For the
purpose of simulation, combined releases to meet fish requirements and water
quality are lumped ~ogether at C.P.

No addi%ional releases are made in current simulations for the specific
purposes of recreation, hydroelectric power generation, or DelTa waZar supply.
Of course mos~ ~f ~he water rsleased for local demands as well as for o~her
project purposes is used for power EeneraZion.

Flood Control Promotion

One of the maSor purposes of New Melones is to p~ovide flood protection to
aEricul~ural land in the flood plain of Stanislaua River and to suburban areas
of Ripon, Oakdale, and Riverbank. Also, in conjunction wi~h s~o~age pro~ec~s
on the Tuolumne River, the project provides flood pro~ectlon to agricul~ura!
land along ~he San Joaquin River below the mouth of ~he S~anislaus River,
agricultural land in zhe Sacramento-SanJoaquin B~ITa, and ~o suburban areas
south of ~he City of S~ock~on.
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Figure ]li.1. SCHEMATIC REPRESENTATION
OF STANISLAUS RIVER SYSTEM
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Flood control reserva~lon during the various months is shown in Table VI.1.

TABLE VI.1

New Melones Lake Flood Control Reservations

Month Flood Control Reservation

October                      ~3~

December

March 381
April 1
Sep~mbe~ 147

VI. 3

D--001 943
D-001943



VII. SACRAMENTO-S~N JOAQUIN DELTA OPERATIONS

The Central Valley con~alns three major basins: Sacramento, San Joaquinand
Tulare Lake. The Sacramento Valley is drained by California’s largest river
system, ~he Sacramento. Major ~rlbu~aries include the McCloud, Pit, Yuba,
Feather, and American Rivers. Tula=~ Lake Basin is closed and drains
in~ernally except in rare instances when floodwaters overtop a low divide and
fl~w Into ~h~ drainage of the San Joaquln River. The northern portion of ~he
San Joaquin Valley is drained by the San Joaquin River. Major ~ributaries to
the San Joaquin include the Merced, Tuolumne, and Stanislaua Rivers.

The area in the center of the Central Valley, where the Sacramento and
San Joaquin Rivers merge, coincides with a break in the coastal mountains
bordering the beslns ~n the west. Here the Sacramento River, the much
smaller San Joaquln River, and o~her east side sSreams meet in ~he SacramenT~-
San Joaquin Del~a before flowing into San Francisco Bay and on toward the
Pacific Ocean. This delta, unlike most river deltas, is wide at the landward
side and narrow at the seaward side. IZ forms the upstream portion of an
estuary that exZends inZo Suisun Bay, San Pablo Bay, and San Francisco Bay.
Historically the Carquinez S~rai~s, a narrow break in the Coast Ranges, has
been no~ed as the dividing line between the saline San Francisco Bay and the
fresh wa~er DelTa. Opera~ions in Sacramento-San Joaquin Del~a plays a plv~al
role in T/he avai!abili~y of water supplies to be exported Zo San Joaquin Valley
and Southern California.

The Sacramento River, con$rolled largely by CVP!s Shasta Lake and augmented by
water from the Trinity River, supplies water to Irrlgazed areas in the
Sacramento Valley. Releases from the SWP-controlled Feather River Joins the

Sacramento River 21 river miles above the Ci~y of Sacramento, and at ~ poinZ
~he Sacramento River is augmented by flows entering from the CVP-con~rolled
American River. Thus, waters managed by the SWP mingle with and become
indistinguishable from those of the CV~ ~nd flows commingled into the DelTa.
A portion of the wa~er entering the Del~a Takes a direc~ course ~oward Sulsun
Bay, and some finds its way into the interior Delta through natural channels
aided by T~e CVP’s Delta Cross Channel. Releases from CVP and SWP reservoirs
augment the supply of fresh wa~er flowing into the DelTa during the drier
monT/%s of ~he year.

Some of the water reachinE the DelTa is used to mee~ local demands. Eszlma~es
of Del~a consumptive use and Del÷m channel depleZions used in the p!anning
model are based on a cooperative study conducted in 1981 by the Department
and the Bureau of Reclamation. These values, which are ~ased on estimates of
hls~orlc use, are enZered as data for various levels of developmant, vlz. year
1980 and year 2000.

Currently the major exportsr of fresh water available in the Delta is the CVP,
which pumps water from the southern DelZa at its Rock Slough and Tracy pumping
plants. Rock Slough Pumping Plan~ serves the Contra CosTa Canal, providing
wa~er mainly to municipal and industrial users in parza of ConZra CosTa Counzy.
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Tracy Pumplng~Plant serves ~he Del%a Mendo~a Canal (DMC), which conveys wa~er
to. agrlculVa~al users in the San Joaquln Valley and to facilities of ~he C~P’s
San Luis Unit. Some of the water p~ovlded in the San Joequin Valley is
delivered on an exchange basis to areas that used water from the San Joaquin
River .~efore const~uctlon of the CVP’s Frlant Dam.

Also in ~he southern De!~a, the SW~ operates Clifton Court Forebay and Harvey
O. Banks Del~a Pumping Plant. The forebay takes in Delta water at high
tide, ~hen i~s Eates are closed, and export water is pumped fz~m the
The pumps li~t the water ~o the beEinnlng of ~he M-mile. Cali~ornla Aqueduct,
for re6ulatory storage in San Luls Reservoi~ and for meet~InE SWP Contractor
requests.

Export of water from ~he southern Del~a is limited hy the pumping capacity of
the two projects. The CVP can pump 4,600 to �,800 cubic ~eet per second
into the Del~a ~ando~a Canal. In some months Tracy PP must be constrained
because of DMC capacity or because of the ~elift pumping capaci~-y (�,200
between ~he DMC and O’Neill Forebay. Contra Costa Canal has an expoz-t capacity
of 350 cfs. The SWP can currently pump 6,¢00 cfs at the Banks Pumping Plant.
With additional units added ~o the Banks Pumping Plant, the ex~ort capacity
SWP can be increased %o 10,300 cfs, the maximum carTylng capacity of %he first
reach of the California Aqueduct. However, without channel Improvements in
the souther~ DelTa, ~his export capacity is llmi~ed ~o an average o~ 7,300 cfs
in wet months and 6,~BO c~s in other months as allowed by a USCE permit.

The flrs~ stage o~ ~he North ~ay Aqueduct is purchasing Solano Pro~ect water
and delivering i~ ~o "~apa County. In the future, the North ~ay Aqueduct will
provld~ water to Napa and $olano Counties by direct erport from the nor~ Delta.

Salinity control is necessary because The DelTa is conti~uous with San
Francisco ~ay and. the ocean and i~s channels are at or below sea level.
Unless repelled by a continuous seaward flow of f~esh wa~er, sea water will
advance up the estuary int~ the DelTa, particularly as exports ~rom the
southern DelTa increase. This is discussed in more de~ail in the following
section. Different components of wa~er balance in %he DelTa can be summarized
schema~cally as shown in Fi6ure Vii.~.

Delta 0ut~low Requirements ~o ~4eet DelTa ~uality Standards

Operation of SWP and C~ export facilities in the Delta ar~ coordinated wi~h
the upstream SWP and C~ reservoirs to meet appllcable water qusllty s~andards
for ~e Delta and Suisun Marsh. Present stendards ere those set forth in Water
Rights Decision I�~5 (D-I�85 established in August 197 ) the Sta e Water
Resources Control Board. These st.~ndards are for protection of all reasonable,
beneficial uses ol wa~er in the Sacrament~o-San ~oaqui~ Delta, includ~
municipal and industrial, a~rlcul~urai, and fish and wildlife. Decision
is intended to provide ~he same level of protection to these ~eneflclal uses
that would have been available had ~he two pro~ec~s not been constructed. In
addlti~ to minimum flow and water quallty requlremen~s, p~oJect diversions
limited in May, June, and July to protect s~iped bass spawning. The water
quality and flow sTandards included in the proposed Coordlna~ed Operations
A~reement (COA) are ~he same as those of Decision 1485, except that certain
s~andards for Sulsun ~larsh, are omitted.
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Figure ~irll".l. DELTA WATER BALANCE COMPONENTS
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SAN LUIS TARGET STORAGE RULE CURVE

In our curr~e~p_eration studies there is considerable flexibility
in selectin~’~l~et storages for SWP San Luis Reservoir. They are
used to (a) ~lay m~king Oroville releases, (b) require Qroville
releases so as to reduce spills in the next winter, (c) ~nsure
maximum use of Delta surpluses, (d) minimize carriage water require-
ments, and (e) maintain recreation levels in the reservoir. At
times, however, they can work against the study and end up withal-
more water in San Luis th~n in Oroville. In addition, if the
selected rules are not similiar, the study results may not be
comparable.

By having a routine in the DWRSIM that dynamically calculates a       -~
set of target storages, and has some logical basis that could be
associated with setting operational criteria, we might avoid some
of the erratic results that occur in critical years.

The following concep;s_sh0uld be within this r6utine:

i. ~There is.always~the possibilit~-tha~ we will-want.to make th~
maximum delivery (DC__2) next year. Therefore a minimum Storage
is required (usually~t___the end of April) so that~the end-of-August
target can be achieg~-d ~ssuming full pumping .from May thru August.

2. To capture and store the maximum water supply each year requires
filling both Oroville~and san Luis. Filling San Luis requires
certain minimum storages during the filling months depending on
the amount of water being delivered.

.Selection of contept !’l,-6r "2" can. be .made-on  ct6ber Ist based
the endlof-September storage fn Orbville. Reservbir. :The "switchV

.... may be in therang4-2.0 tO 2~3 MAF. -If 0rovil~@ sto~age is above~

the switch then try. to fill San Luis.~~
On January ist another check should be made of Oroville storage. If
the end-of-December storage is too low (range of 1.2 to 1.5) then
San Luis targets should be reduced so as not to cause further reductions
in Oroville. Target storages for January and February can be calculated
by backing up from end-of-August targets assuming DC5 deliveries will
be made in the following year with full spring and summer pumping
This same check should be made again on February is~ if it did no~
trigger a change in January.

On March ist, after determining the "delivery class", a new set of
target storages can be calculated by backing up from the end-of-August
targets assuming full pumping. This will be to establish minimum
end-of-March and -April targets. In all but very dry years these
targets will probably be exceeded.

Finally on May Ist new target storages can be calculated using the
actual end-of-April storage and the end-of-August target and assuming

-a four. month distribution of~necessary-pum~ng-during Ma~ thru A~gust.
Assuming highe~ than average pumping in the earlier months Will allow
reduced pumping in the later (higher carriage water) months.

End-of-August targets for San Luis storage are open to choice. If
they are too high it will draw 0roville down~ if too low it will
trigger large September pumping. They should be related to the
selected delivery class and range from 50 to 300 TAF.
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Many of the D-1485 s~andards are specified in ~erms of e!ectrical conduc~Ivlty
or chloride (both measures of salinity) at specific locations in the Del~a.
The Department and ~he Bureau of Reclamation have conducted separate s~udles %0
de~ermlne the minimum flows required ~o meet the quality s~andards. Appendix A
contains more de~ails on various types of da~a se~s available under different
assumptions for use in the simulation model. The simulation mode! incorporates
these s~andards as minimum required monthly flows at Control Point 58. They
are based cn Tables that account for year type de~ermlned by the Four-River
Index, month of ~he year, San Joaquin River in~low, and the previous month’s
inflow. ~o ~he DelTa. The Four-River Index is the sum of ~he natural flows from
the Sacramento, Feather, Yuba and American Rivers.

"CarrlaEe WaTar" represents the additional Delta outflow required ~o maintain
water quaii~y standards when export rates from the southern DelTa are increased
beyond an empirical breakpoint. As the southern DelTa pumping plan~s (Tracy,
Rock Slough and Banks) increase their export rates, more water is drawn from
the western DelTa. To mainTain the salinity balance, saline San Francisco Bay
water must be repelled by additiona! DelTa ou~flow. Figure VII.2 shows a
typical expor~-ou~f!ow relationship. It is obvious that ou~flow required for
D-1485 at times overrides the carriage water requirements.

Export-Outflow relationships for water quality control, as used in the
simulation model, have been calculated by DWR and are listed on a series of 12
tables for each type of water year. These Tables cover the most critical
standards applicable during each month and each water year classification.
If a thru DelTa transfer system is assumed at any future level of development,
~hen ~ch a system would eliminate the reverse flow and salt plck~/p in the
western DelTa and would save the carriage water required.

A_ddltlonal Outflow Requiremen~ ~ Meet North DelTa Water A~enc/ Contract

SWP operation must also meet criteria set forth in a contract with North DelTa
Water Agency. The North Delta Water Agency represents agricultural water
users in northern and western portions of the DelTa. In January 1981, the
Department and the Agency signed a contract that ensures a dependable water
supply of adequate quality ~o the Agency. The contract sets water quality
sT~ndards ~o be met by the STate Wa~er Project that are parallel ~o Decision
1485 standards, but at times are more stringent. The extra outflow required ~o
meet these more stringent standards must be released from Oroville and thus
can reduce the available supply of the STate Water Project by as much as
100,000 acre-feet per year. The contract also provides that "the State may
provide diversion and overland facili:ies to supply and distribute water ~o _
Sherman Island", and that "after the facilities are constructed and operating,
~he water quality criteria ... shall apply at the intake of the facilities."
No additional outflow requirements would be needed with Sherman Island overland
facilities in place.

Operation of CVP-SWP Reservoirs ~o Meet Delta Demands

Operation of CVP and SWP reservoirs to meet their respective export demands
and share of responsibility for in-basin uses in the Delta are controlled by
a "sharing formula" as negotiated by USBR and DWR for coordinated
operation. Export demands on each project are i~osed (triggered) by San Luls
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Figure ~Z]]’.2. TYPICAL DELTA EXPORT-OUTFLOW
REQUIREMENTS RELATIONSHIP
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Reservoir target storages and direct delivery demands as discussed in a later .
section. The sharing formula stipulates two types of percentage splits:
(a) Sharing re.sponslbilities to maintain Sacramento Valley in-basin use, which
includes Delts consumptive use, minimum Delta outflow and water quali~y
~equiremenzs as specified by D-1485, and carriage water if necessary;
(b) Sharing available water supplies in the Del~a for expor~ and storage.
SB~rlng and coordlna~ed operation is discussed in more de,all in a later
section.

In case each project’s Del~a export needs are greater than its share of
available Delta inflow, as de~e~mlned by the sharing formula, each project must
~hen make additional releases to meet its export demand and San Luis ~arget
storages, provided pcmping plant capacity is not constraining. Once
this additional release from a project is determined, it can be distrlbcted
among the reservoirs of ~hat project to achieve be~ter balancing in their
s~orages.
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Vill.     COORDINATED OPERATION OF CVP-SWP SYSTEMS

The S~P and CV~ use ~he Sacramento River and Del~a channels ~o convey water ~o
their erpor~ pumps in ~he sou~h Del~a. , Coordinated operation is required ~o
assure that each project obtains i~s share of wa~er from the Delta and bears
i~s share of obligations to protect other beneficial uses in the Delta and the
Sacramento Valley. Furthermore, coordinated operation, by a~reed upon
criteria, can increase the effectiveness and efficiency of both projects.

Sharing of water supplies and responsibilities is controlled by sharing
formulas. These formulas are determined by simulating the operatic~ of CVP and
SWP facilities under current conditions but assuming a repeat of the dry period
hydrology of 1928-193�. A description of the most recent simulation s~udy is
contained in the Technical Report on Determination of Annual Water Supplies
for Central Valley Project and State Water P~oject" dated March 1984. The
sharing formulas are structured around the necessity to meet the in-basin
use requirements in the Sacramento Valley and the Del~a, including Del~a
cuff low and water quality requirements as per STate Water Resources Control
Board Decision I�85.

When water is plentiful in the Sacramento River system, both projects can store
and export water to their full capabilities, and in-basln use requirements will
still be met. As runoff subsides, a time comes when water for storage and
export must be allocated among the two projects. This time is signaled when
conditions in the DelTa approach the D-1485 standards and "surplus" outflow no
longer exists. When the Delta reaches such a condition, known as "balanced.
water conditions", the Bureau and the Department operate their projects in
accordance with a sharing formula to maintain those conditions. Balanced
wa~er conditions occur in all but a few very wet years. Typically, balanced
conditions begin in la~e spring and continue through early fall.

The sharing formula applies ~o two different situations that occur during
balanced water conditions. One situation apportions the responsibility for
making storage withdrawals to supply In-basin uses when flow other than from
storage withdrawals (unstored flow) is insufficient to provide the full supply
required to meet D-1485 standards and Delta export demands. The formula for
sharing this responsibility as negotiated for current conditions is:

Central Valley Project 75 percent
S~a~e Water Project 25 percent

The other situation defines the rights of the two parties to store or export
water when unstored flow is available in excess of in-basin use requirements
(including D-I�85). The formula for sharing this water for r.he current
conditions ~s:

Central Valley Project 55 percent
State Water Project �5 percent

Figure VIII.I is a simplified illustration of how the formula operates --
simplified in that it assumes a smooth decline and buildup of runoff, constant
export levels, and constant in-basin use requlre~ents. The left side of the
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Figure VIII. 1. UNSTORED FLOW AND STORAGE
WITHDRAWALS UNDER BALANCED WATER CONDITIONS
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figure represents conditions as they might exist in the spring, when periods of
balanced water conditions often begin. Project exports plus additions to
project storage ~ake all the unstored flow that is excess to in-basin use
requirements.

As unstored flow declines with decreasing runoff, additions to’ project storage
must be eliminated ~o malntein exports and in-basin use. On a certain day,
represented by line A-A’ on Figure VIII.I, water is no longer available to add
to storage and withdrawals from storage must begin thereafter to maintain
exports. Until the day represented by line B-B’, each project may export an
amotmt of water equal ~o i~s storage withdrawal plus its share (as determined
by the 55:45 formula) of unstored flow in excess of in-basln use requirements.

On day B-B’, there is no longer any excess unstored flow r~ contribute to
exports or to be shared 55:45, and exports must be supported by storage
withdrawals. Thereafter, storage withdrawals must be increased to maintain
exports in the amount that allows in-basin use requirements to be fully met.
The responsibility to make such storage withdrawals for in-basln use is borne
by the-Central Valley Project and State Water Project in the proportions
75:25. While the 75:25 formula is in effect, bo~h projects are entitled to
expor~ an amount equal to their storage withdrawals, less their allocated
contributions ~o In-basin use.

As unstored flow increases in fall and early winter, the steps are reversed.
The early increases ,in unstored flow eliminate the need for storage withdrawals
¯ o meet in-basln use, and the 75:25 formula goes out of effect. The 55:45
formula then ~akes over to apportion excess unstored flow. Finally, unstored
flow exceeds the sum of in-basin use, expor~s, and additions to storage, and
neither formula is needed; "excess water conditions" exist.

When a project’s share of avmilable Delta water supply exceeds its export
capability, the excess flow may be exported or held in storage by ~he project
~hat has the capability to do so, without affecting either project’s future
responslbilities.

In simulation model studies at the current level of development and wi~h
existing facilities, the sharing formula is as developed during C0A
negotiations and contained in the May 20, 1985 draft. In order to perform
simulation s~dies in which future SWP or CVP facilities are added, it is
necessary to determine the effect or adjustment that the new facilities would
have on the C0A sharing formula. For example, if a new SWP facility were added
to the system, the yield of the existing C~ system must not be adversely
affected, and therefore, the operaZional sharing formula must be adjusted
accordingly. .The sharing formula must also be adjusted to account for change
in upstream hydrology with ~ime.
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IX.     SYSTEMS OPERATION OF UPSTREAM RESERVOIRS

In order to meet ~he demands placed on project reservoirs efficiently and
wi~h minimum spills, integrated operating rules must be defined for each
reservoir upstream of ~he Sacramento-San Joaquin Del~a.

The primary mechanism for achieving efficient operation is by dlvldlnE each
reservoir into imaginary horizontal levels, called ~arEet storage levels (RL
data seta). Corresponding ~o each level is a reservoir elevation, storage,
surface area and outlet capacity. Differences between levels are zones of
potential s~oraEe volume. At present five levels have been defined %o
establish operating rules. The lowest level corresponds ~o ~he minimum
reservoir level as determined by ~he elevation of the outlet works, the second
lowest is bottom of The conservation pool or The minimum operating s~oraEe, The
T/lird level is the ~op of and an intermediate buffer zone, the fourth level is
the %op of Zhe conservation storage pool, and The highest level is the gross
reservoir storage. Additional levels can be established ~o facilitaZe
individual re.servoir operating criteria.

Each reservoir is operated %o meet downstream demands at specified locations in
~he system. These operational poinZs are specified for each reservoir by
identifying those points for which the reservoir does noZ operate. Priority of
wiThdrawals from reservoirs serving the same location can be es~abllshed by
speclfyinE additional levels. Withdrawals are first made from Ti%e highest
storage zone, then from the second highest and so on down %o the lowest,
keepimg all reservoirs ’in Ti%e system in balance %o the extan~ possible.
Table IX.I presents typlcal values for target storage levels as used in the
simulation model.

Figure IX.I illustrates how the reservoir target levels work. Assume Reservoirs
A and B are ShasZa and Folsom Reservoirs of the CVP system and Control Point C
refers ~o a common demand location on The ~ system in The Delta. If both
Reservoir A and Reservoir B sZar~ out full at level 5, the program determines
¯ he amount of re-servoir release needed %o satisfy The demand at the commonly
served Control Point C. In this example, ~here is no space in Reservoir B
allocated between level 5 and level 4- Therefore, the demand at Control Poin~
C will be me~ from Reservoir A until Reservoir A reaches level 4- Then boTh
reservoirs will be drawn down equally, by percentage of storage space
remaining, between levels $ and 3. When boTh reservoirs reach level 5,
releases will occur from Reservoir B only until Reservoir B reaches level 2 as
there is no space allocated between levels 3 and 2 in Reservoir A. The process
is continued until the reservoirs are depleted. !f desired, one or botch of the
reservoirs could be set so as not ~o meet any demand at Control Point C. It ks
also important ~o note that These ~arget storage levels can be changed each
month.
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X. SWP WHEELING FOR THE CVP

Wheeling arrangements involve ~he use of excess capacity in the pumping and
conveyance facilities of the SWP ~o increase the amount of wa~er the CVP can
deliver from the DelTa. Wi~h its present Delta export facilities, the CVP
lacks the pumping and conveyance capacity ~o deliver ~o all of i~s existing and
potential contractors south of the Delta. The SWP has capacity in the
California Aqueduct for wheeling CVP supplies even though the existing SWP’s
capacity at Banks Pumping Plant is only about 60 percent of the California
Aqueduct capacity. Additional pumps currently planned for 1992 must
belnsZalled to allow a significant increase in wheeling for the CVP.

CVP Delta expor~ capacity at Tracy Pumping Plant is between 4,600 and 4,800
cfs, but actual export amounts at Tracy Pumping Plant may vary due tocapaclty
limitations in the Delta Mendcta Canal. Also, CVP must reduce ITa expoz~c to
3,000 cfs in May and June each year ~o meet D-1485 standards, included as
Exhibit A in the draft Coordinazed Operations Agreement. The procedure ~o
overcome this operational constraint is set forth in Exhibit D of the draft
agreement.

Since wheeling is an important part of the simulated operation of CVP San Luis
Reservoir and the calculation of the CVP rule curve, it is necessary rm
understand the meShods and rules under which wheeling occurs in the simulation
model.

Generally t.here are four different purposes for which CVP. water can be wheeled
by the SWP; the first t~hree are mentioned in Article 10 of the COA.

(I) The SWP will wheel the amount of ~ water necessary to compensate for
the CVP pumping curtailment from 4,600 cfs to 5,000 cfs in May and
J e. [A icZe 10(b)]

(2) The SWP will wheel CVP water for scheduled and unscheduled maintenance
and unforeseen ouTages of the CVP. [Article 10(c) and (d)]

(5) The SW? will wheel water for the CVP as may be agreed in the future to
make more efficient use of water project facilities and available water
supplies. [Article 10 (h)]

In a separate agreement, the SWP will wheel wa~er to meet CVP Cross Valley
Canal demands through 1995 provided there is available SWP pumping capacity              _
at Delta Pumping Plant.

In the simulation mode!, the SWP Delta Pumping Plant is normally operated T~
meet all s~]? requirements each month before any wheeling of CVP water is
permitted. It is possible, however, ~o dedicate a portion of the pumping
plant ~o the CVP. The following procedure is normally used.
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(1) There must be unused capacity available at ~he Harvey 0. Banks Pumping
Plant. This condition occurs only after it has pumped as much wa~er
as is available to ~he SNP from the Del~a, or as necessary to meet SW£
demands and fill SWP San Luis storage. Water available to the SWP in
May and June does not consider the 1,600 cfs of CVP. share of Del~a
supply as unused federal water and therefore available to the SWP. If
SWP excess pumping capacity is available in May or June it will be used
to wheel all or part of the 1,600 cfs of CVP wa~er.

(2) The amount of CVP wa~er wheeled in any month (whether from CVP share of
uns~ored flow or upstream storage releases) will be limited to that
amount necessary ~o reach the ~rget storage specified by the CVP
San Luis rule curve. Once the rule curve storage level is reached, no
further wheeling will occur--even if surplus water is still available
in the Del~a.

(3) When It is decided ~hat wheeling is mandatory, a portion of the Banks
Pumping Plant will be removed and added to the Tracy Pumping Plant.

In actual simulation model studies there are usually months in which
wheeling of CVP water is requested to correspond with the demand patter~
but cannot be delivered due to lack of available capacity at ~he Banks
Pumping Plant. As a result of such si~uatlons the enG-of-month s~orage in
CVP San Luls Reservoir will be below ~he rule curve ~arget. This scenario
is anticipated in T~he simulation model and normally does not cause
operatlonal problems or CVP shortages. In subsequent months CVP storage in
San Luis Reservoir will be filled to the rule curve level as soon as excess
pumpin~g capacity becomes available, either directly from the CVP Tracy
Pumping Plant or by wheeling through the SWP pumping plant.
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XI. ALTERNATIVE MODES OF OPERATION STUDIES

Two types of planning simulation operation s~udles are normally conducted
using DWRSIM, ~he Planning Simulation Model. They are:

(a) Firm Yield Operation S~udles
(b) L~nE-Term Operation S~udies

Firm Yield 0pe~atlon S~udles

A "firm yield s~udy" de,ermines ~he nomlnal annual quantity of wa~er that
can b~ delivered ~o a service area (i.e., SWP contractor~) with a specified
sysTam of facilities in operation and wi~h cer%aln allowable deficiencies. A
simulated operation covering wa~er yearns 1927 through 1935, a period that
includes the most prolonged dry period of record in the Central Valley, will
normally assure that all sysTam reservoirs are at maximum operating level in
the spring of 192S and will be drawn down tm minimum level late in 1954. By
definition, the allowable deficiency is 100% of ~he normal annual aETicul~ural
delivery over a seven year period but no more than 50% in any one year.

This type of s~udy involves some trials so as to bring the SWP reservoirs ~o
~heir minimum operating levels (i.e. 858 TAF in Lake Orov!lle and 42 TAF in
SNP portion of San Luis). Also, ~o be consistent, no surplus water is
delivered during the 9-year operational period. Such s~uddes may also be run
using a simplified version of the model ne~work in which all .the SW~
contractors are lumped into a few control points.

Lone-Term Operation S~udies

This t, ype of operation study is conducted to ascertain the delivery performance
of specified SWP facilities under a wide variety of hydrologic conditions.
It is normally accomplished by simulating the sysTam for an operational
period of 57 years, wa~er years 1922-1978. The goal is usually to maximize
averaged.livery but at the same ~Ime pro~ect the firm yield of the given system
of facilities as determined from a corresponding firm yield operation s~udy.
Onevariatlon is to sacrifice firm yield protection and determine the increase
in potential average delivery.

Additional data on the operation of ~he system must be supplied as discussed
below.

(I) Variable Demand Data:

When total contractor r~quests for entitlement water exceed the firm yield
capability of completed SWP facilities, it will be frequently necessary to
lim!t annual water deliveries ~o maintain predetermined carry-over
s~ora~e in system reservoirs. A variable demand data set must be
supplied which includes seven monthly dlstribution patte~ns~ namely DTI
through DTT. In this set, DT5 data is the same as firm yield determined
from a firm yield s~udy, and DT5 represents total "entltlement r~quests"
as requested by contractors and compiled hy SWPA0. Normally DT4
represents demand data between DT5 and DT3. "DT2 and DTI data sets
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represent scheduled surplus and unscheduled surplus requests respectively,
if assumed ~o be met in a given study. DT6 da~a is 25% deficiency of the
agricultural portion of DTb, and DT7 is 10% deficiency of M&I portion in
DT5 ¯

(2) Target Carry-over S~orage Bounds:

This information defines lower and upper bounds of desired SW9 system
carry-over storages (normally 0roville plus SNP portion of San Luls) as of
September 30 of any water year. At present there are nine delivery
classes, DCI through DC9, thus there are nine ~arget storage ranges, one
for each class. In order ~o p~ovide adequate protection ~o firm yield in
the critical period, and also ~o achieve some system-wide storage a~ the
end of the critical period, ~arget carry-over storages for delivery
classes DC5 through DC9 are based on the corresponding firm yield study
end-of-September storages. The carry-over storages for delivery classes
DCI through DC¢ are generally the same and the difference in lower and
upper bounds is very narrow. Any adjustments to actual deliveries during
a delivery year (March Through February) in the simulation model are made
(upwards or downwards) so ~hat actual end-of-September storages will
fall within the prescribed range. Table XI.~ con~alns a sample of

(3) Initial Delivery Class:

To facilitate determination of the delivery level during a delivery year,
an initial delivery class is assigned. This class is based upon the four
~onth spring snowmelt runoff calculated for the four basin index (i.e.
April through July). This initial class value ranges from DC2 through
DCb. Final deliveries are de~ermined during the simulation and apply for
the March through February period.

The procedure for deciding what final level of deliveries ~o make is
carried out as follows. Based on the initial delivery class for ~he
current year of simulation, end-of-September carry-over storage in
system reservoirs is computed after the first cycle of study. AZ that
point it is checked against the lower and upper bounds of carry-over
storage for that delivery class (as shown in Table XI. ~ ). If
s~orage is above the upper bound, ~hen the difference is computed and ~he
delivery class changed ~o the ner~ class (increasing the amount of
diversion). In this step, the delivery class could also be interpolated
if ~hat is what is needed to bring the actual carry-over storage to within
~he revised delivery class’s carry-over storage range. Once it is found _
to satisfy the end-of-September condition, the revised delivery class is
carried over to the following October through February period. At that
time the procedure is repeated s~arting with March of ~he ner~ delivery
year. This was the case when end-of-September storage was in a ’surplus’
situation. The procedure ~o revise the delivery class is identical if
computed carry-over storage is found ~o be below the lower bound of the
diversion class, except that now the delivery would be decreased when
changed to the next class. No revision is needed if the initial
diversion class brings the actual carry-over storage to within the range
of prescribed carry-over storage.

XI.2
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TABLE X!o

Delivery Classes and
Carry-over Storage Rangesq

Carry-0 ver S%ora ~e

Lower Upper Delivery
Diversion Limi____~t Limi% (TAF)

Class Title

DCI Enti~lemen~ Reques%a
+ Scheduled Surplus
+ Unscheduled Surplus 2,650 2,700 3,833

DC2 Entitlemen$ Reques~
+ Scheduled Surplus 2,650 2,700 3,833

DC3 Nominal Yield
+ 100% Unmet EntiZl. 2,650 2,700 5,589

DC4 Nominal Yield
+ 50% Unme% En~itl. 2,650 2,700 5,251

DC5 Nominal Yield I ,600 2,700 2,913
DC6 Nominal Yield

- 25% Ag. Diver. I ,000 2,700 2,701
DC7 ~ Nominal Yield

- 50% Ag. Diver. I ,000 1,025 2,490
DC8 Nominal Yield

- 60% Ag. Diver.
- 10% M&I Diver. I ,000 I ,025 2,208

DC9 Nominal Yield
- 80% Ag. Diver.
- 30% M&I Diver. I ,000 I ,025 I ,644

This includes Oroville, San Luis and Los Banos Grandes Reservoir, if ’any.
Does noZ include Feather River Service Area.

X1.3
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XiI.     SAN LUIS RESERVOIR OPERATIONS

San Luis Reservoir is a joint federal-S~aZe facility locaZed near the
California Aqueduct in western Merced County. Of the total capacity of 2,038
TAF, 971 TAF is allocated to CVP storage and ~he remaining I ,067 TAF to SWP
s~oragm. Its primary purpose is to store water in winter months for
subsequent use in meeting summer demands.

San Luis Reservoir is normally operated in a cyclic pattern t/nat fills the
reservoir to capacity each winter, and ~hen empties it to meet project demands
each summer. The operation of CVP and SWP portions of San Luis are controlled
in ~he model by ~helr respective "rule curves". These rule curves specify ~he
desired patZem of minimum end-of-month storage requirements, which when
maintained will result in an efficient cyclic operation of Sacramento Basin
storage and use of unregulaZed inflow to the Delta.

The mode of operation for San Luls Reservoir plays a significant role in the
simulation model operation. An operational objective that seeks to fill San
Luis early or to maintain high levels during the summer can ~rigger releases
from 0roville storage or establish monthly export patterns from the Delta.
Operational objectives for the CVP portion of San Luis can be used to ~rigger
wheeling by the SWP for the CVP when desired.

General Concepts for San Luis Rule Curves

In bo~h the CVP and SWP San Luis storage operations there are two distinct
componenT~ of the annua! rule curve cycle. These are the winter season filling
mode and the summer season withdrawal mode. The goa! of the filling mode
operation is to fil! San Luis storage to i~s maximum capacity utilizing surplus
unregulated Delta inflow to the maximum extant. In the summer months the
operational goal is to withdraw wa~er from storage in a manner that will meet
summer demands and require minimum storage withdrawals from Sacramento Basin
reservoirs for direct pumping from the Delta.

During ~he win~er mode of operation, maximum project yield and total delivery
capability are achieved by filling San Luis storage from surplus Delta inflows
whenever available. Thus, the rule curves are designed to specify minimum end-
of-month storage levels r/uat will not require filling of San Luls storage until
as late as possible into the winter season. In this manner the maximum amount
of empty capacity in San Luis Reservoir is available for the storage of surplus
Delta water. In a dry winter with little or no unregulatad flow, San Luis
storage can still be filled in accordance with the monthly rule curve
requirements via storage withdrawals from upstream reservoirs.

The summer portion of the San Luis rule curves are dependent on the
relationship between total south of Delta demands (including aqueduct losses
and reservoir evaporation) and the total water supply available in storage.The
rule curves are generally designed to fully utilize the available storage in
San Luis Reservoir, and then supplement that storage supply with additional
direct pumping from the Delta as needed. In situations where greater pumping
plant capacity is available than will be needed, the rule curve can be designed
to trigger upstream storage releases and pumping Trom the Delta to occur in
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any or all summer and fall months (when inflows into ~he Del~a are usually
lowest). Summer monZ/1 rule curve storages can, ~o some extent, be designed
optimize energy generation and use, r~creation levels, and reduce seepage-
problems. Since rule curves are designed to 5alance wafer supply capability
wi~h to~al demands south of The Del~a, it fol!ows ~hat any significant changes
in demand projections (~o~als and distribution patterns), capacities of C~
SW~ pumping plan~s, or any constraints on operation of San Luis Reservoir may
necessitate the recalculation of rule cur~es. In addition, changes in Del~a
outflow z~quirements (such as D-1485 striped bass restrictions or carriage
wa~er requlrementa) or the addition of new system facilities (such as a Los
Banos Reservoir, or a ~hru-Del~a facility) may impact the calculation of a San
Lugs rule curve.

CVP San Lu!s Rule Curve

For any s~udy the calculation of a CVP San Luls rule curve is carried out in
t/l~ee s~eps: (I) determination of the monthly expor~ capacity of Tracy
PumplnE Plant; (2) ~abulation of to~al CVP demands to be met from CYP San Luis
storage and Tracy Pumping Plant; and (5) calculation of end-of-monTh ~arget
storages. All three s~eps are usually carried out ~wlce, once for ~o~al
demands in normal delivery years, and a second ~ime for reduced CVP demands
which occur in critical years, when deficiencies are imposed. If wheeling is
~o be provided on pattern by the SWP, such as for ~ern Cross Valley Canal,
These demands are not included in step 2. To model wheeling for D-1485
"Condition 5" make-up water, the full expor~ capacity of Tracy Pumping Plant
is used in step I.

The m~ ximum and minimum ~arEet storages for the operation of CVP San Lu!s
Reservoir in a normal year are fixed at 971 TAF (full) at ~he end of March and
58 TAF (minimum pool) at The end of August. A desirable minimum storage at
~he end of August .is 167 TAF, the CVP share of the desirable minimum recreation
level. However, This storage is not mandatory. By comparinE the monthly Tracy
Pumping Plant capacities wiTh the monthly demands, a preliminary eval~ation of
The amount of wa~er needed from CVP San Luis s~orage can be made. In general,
the to~al CVP demands souTh of the Del~a will approach, or sometimes exceed,
the annual capacity of the Tracy Pumping Plant, since The pumping plant and ~he
limited capacity of the Delta Mendo~a Canal to O’Neil! Forebay are currently
constraints in the CVP delivery system.

CVP San Luis ,rule curve s~oraEe is set at full capacity for The end of March
(beginning of high demand summer months i.e., April through August). Thus,
CYP demand during this period could be met with direct pumping by Tracy Pumping
Plant, an agreed level of SWP wheeling, and utilizing San Luis storage.
If for some reason There is excess CVP pumping capacity available during ~is _
period it is usually allocated to September and 0ctober.

Similar ~u!dellnes can be es%ab!Ished for The win~er mode (September T2LTough
March) of operation of San Luis Reservoir. In these months the rule curve must
~e designed to meet monthly CVP demands and refill San Luis Reservoir to its
full capacity by end of March.

XII. 2
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As mentioned earlier, it is usually advisable ~o calculate a different San
Luis rule curve for those years when CYP imposes deficiencies on i~s normal
demands. There is usually ~rea~er flexibility in how the CVP operates because
Tzmcy Pumping Plant capacity is more than is needed ~o meet ~he reduced level
of demands. The end of February target s~orage should be similar ~o a normal
year rule curve so that when the rule curves are switched between reduced
delivery and normal delivery, San Luls can be fi!led as needed ~o meet demands
under either operational mode. 0thor cri~erla which may be kept i~ mind is
~o maximize pumping during wln~er months (November through March) and ~hus
capturing DelTa surplus flows as much as posslble~ and which in ~urn, will
reduce s~oraEe releases and summer pumping ~o a minimum.

SWP San Luls Rule Curve

The SWP San Luis rule curve is also developed in Three s~eps: (1) de~ermlnation
of %he monthly expor~ capacity of Banks Delta Pumping Plant; (2) Tabulation of
~o~al SWP demands ~o be met from SWP San Luis s~ora~ and direct pumping from
the Delta; and (3) computation of end-of-month target storages. These steps
may have ~o be r~pea~ed depending on %he range of demands ~o be met in Tile
study.

One of the current methods of simulating the operation of the S~? is ~o utilize
the March forecast of Central Valley runoff and calculate the amount of
delivery that can be made ~o SWP contractors That will produce an end-of-
September carry-over storage in project reservoirs within an acceptable range.
The procedure is discussed in the section entitled "Al~ernative Modes of
Operation Studies". Under this concept ~he maximum delivery equals entitlement
requeB~s plus scheduled and unscheduled surplus. Minimum delivery usually
occurs in 1977, an extremely critical year, when carry-over s~ora~e is allowed
~o drop to minimum operating levels. This variable delivery operational mode
only affecTa step 2 in zhe process of de~ermlning San Luis rule curves.

At the present time three rule curves are considered sufficient to operate the
SWP portion of San Luls Reservoir. One of these would be calculated based on
entitlement request, one on firm yield capability, and the third assuming an
aEricul~/ral deficiency of 35%. Since rule curve Target storages must be
included as data (Tape 5), T~hey can be selected in a manner similar to the
"initial delivery class" previously discussed. Rule curves based on deficient
year deliveries can be inserted in those years in which shortages occur;. 1924,
1951, 1935, 1954 and 1977.

0%her considerations in developing the San Luis rule curves for SWP operation
are similar to those for the CVP. Maximum and minimum ~arget storages for the
operation of SWP San Luis are fixed at I ,065 TAF (I,067 TAF is full) at the            -
end of April and 185 TAF at the end of August (SWP share of desirable San Luis
s~oraEe of 550 TAF recreation pool up ~o Labor Day). Minimum storage can be
42 TAF for SWP San Luls. Normally it is easy to meet T~he total SWP demands
since Banks Pumping Plan~ capacity is larger than maximum delivery levels.

As a general Euidellne, San Luls is filled in the winter using surplus DelTa
flows, bu~ no~ la~er than the end of April. At the same time, during this
fillin~ cycle, the rule curve must be able ~o meet the maximum delivery level.
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XlI!.     CALIFORNIA AQUEDUCT OPERATIONS

The California Aqueduct is r/ue major conveyance facility of the Srar~ Wa~er
Project and ex~enda 444 miles from Sacramento-SanJoaquinDelta ~oPerris
Reservoir in Southern California. Its basic function is to ~ransport water
supplies from the Delta to the San JoaquinValley and Southern Callfornia and
through branch aqueducts to the south San Francisco Bay Area and to Santa
Barbara and San Luls Obispo Counties.

In the south Delta, Clifton Court Forebay is a 28,653 AF reservoir at sea
level from which Harvey O. Banks Delta Pumping Plant lifts water to an
elevation of 244 feet where it flows by gravity in e concrete-lined canal
with a maximum capacity of 10,300 cfs ~o Bet/~any Reservoir. This reservoir
acts as the forebay for the South Bay Pumping Plant of The South Bay Aqueduct,
which supplies water to Alameda and Santa Clara Counties. The California
Aqueduct from BeT/~any Reservoir ~o 0’Neill Forebay is a concrete-lined canal
with a capacity of I0,000 cfs. The 300 cfs reduction reflects the diversions
to the South Bay Aqueduct. Most of the water pumped at Banks Pumping Plant
flows into the California Aqueduc~ for conveyance to O’Neill Forebay. From
O’Neill water can continue to flow southward by gravity to Dos Amigos Pumping
Plant or be pumped into San Luis Reservoir, operated jointly by the Department
of WaTer Resources and the Bureau of Reclamation. A pumping-generating plant
with a pumping capacity of 11,000 cfs lifts the water 327 feet under maximum
head conditions to ~h!s reservoir. The pumping head i~ a function of total
water in s~orage at San Luls.

The San Luis Division, extending southward from O’Neill Forebay to Kettleman
City, a disT~unce of about 103 miles, is a join~-use facility with a maximum
design capacity of 13,100 cfs of which 7,100 cfs is provided for State use.
The capacity decreases to 8,350 cfs at the 1~wer end of this facility (Check
21) of which 7,050 cfs is for State use. Project demands in the future could
require an increase in the State capacity to 8,100 cfs at the head of the joint-
use facilities. Dos Amigos Pumping Plant is locatsd in this reach of the
aqueduct. The plant has six pumping units that can llft 13,200 cfs of water
113 feet under normal static head from where it flows the remaining 86 miles ~o
Ke~tlemanCity.

The conveyance system f~om Kettleman City to A. D. Edmonston Pumping Plant
Includes about 120 miles of concrete-lined canal and Buena VisTa, Wheeler Ridge
and Wing Gap Pumping Plan~s. Aqueduct capacity decreases from 8,100 cfs below
check 21 to 4,400 cfs through this portion of canal, reflecting water
deliveries to various water contractors along ~he way as well as diversion of           -
fl~w to the Coastal Branch. The Coastal Branch, when completed, will serve
Santa Barbara and San Luis 0blspo Counties. From Kettleman City to Buena Vista
Pumping Plant there is abou~ 79 miles of concre~e-llned canal with gravity
flow. The Buena Vista Pumping Plant is the starting point for a series of
Im/mping lifts required to brinE water to the foo~ of the Tehachapi Mountains.
Buena Vista Pumping Plant, wi~h10 pumping units, including one spare unit, has
the capacity to lift 5,405 cfs about tO5 feet. The Wheeler RidEs Pumpin~
Plant, with nine pumping units, including one spare unit, has a combined
capacity of 5,445 cfs and lifts water an additional 233 feet. The Wind Gap
Pumping Plant p~ovides the final 518 feet of lif~in this chain with nine
pumping units, including one spare unit, that have a combined capacity of 4,995
CfS.
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At the Tehachapls, ~he Eiant A. D. Edmonston Pumping Plant raises the water
I ,970 feet in a single llft into The Tebmchapi Crossing, 8.5 miles of tunnels
and siphons which traverse the mountain range. After crossing the Tehachapis,
the aqueduct divides. The East Branch carries water through Antelope Valley
and into Silverwood Lake in the San Bernardino Mountains. From Silverwood, the
wa~er enters the San Bernardino Tunnel and drops I ,418 feet into Devi! Canyon
Powerplant, then flows through a buried pipeline to Lake Perrls southeast of
Riverside, the southernmost terminus of The project. Water in The West Branch
is pumped into Quail Lake, from which it drops through the William E. Warne
Powerplant into Pyramid Lake in northwest Los Angeles County, through the
Angeles Tunnel into the Castaic Powerplant, and then into Elderberry Forebay
and Castaic Lake, terminus of The West Branch.

S~ate Water Project Analysis Office (swPAo) has subdivided ~he California
Aqueduct into repayment reaches (see Figure XIII.I ). The project contractors
draw their wa~er supplies at different ~urnouta along the various reaches. For
the purpose of simulation the deliveries to the contractors from The various
reaches have been aggregated into control point diversions. Some specific
locations on the Aqueduct can be identified witch Control Pointa in the
simulation model. Tables XIII.I and XIII.2 llst the relationship between
reaches and control points. Figure XIII.2 shows this relationship along with
flow carrying capacity of the various reaches and at the control points.

Operation of the California Aqueduct is affected by physical limits at various
locations ~o convey water to the downstream users. These physical limits are
placed cn The aqueduct as input to the model. The limits, as shown in
Table XIII.2 at the various control points along the aqueduct, are chosen
based~on the carrying capacity of The aqueduct and/or pumping plant capacity,
which ever is applicable for that control point.

XIII. 2
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At the Tehachapis, the giant A. D. Edmonst~n Pumping Plant raises the wa~er
I ,970 feet in a single lift into The Tehachapi Crossing, 8.5 miles of ~unnels
and siphons which traverse the mountain range. After crossing the Tehach~pis,
the aqueduct divides. The East Branch carries wa~er ~hrough Antelope Valley
and into Silverwood Lake in the San Bernardino Mountains. From Silverwood,
watar enters ~he San Bernardino Tunnel and drops 1 ,�18 feet into Devil Cany~
Powerplant, then flows through a buried pipellne to Lake Perris southeast of
Riverside, the southernmost ~ermlnus of the project. Wa~er in the West Branch
is pumped into Quail Lake, from which it drops through the Wi111am E. Warne
Powe~plant into Pyramid Lake in nor%hwest Los Angeles Co~u~ty, through the
Angeles Tunnel into the Castaic Powerplant, and then into Elderberry Fore~ay
and Cas~aic Lake, terminus o£ the West Branch.

Sta~e Water Project Analysis Of£1ce (SWPAO) has subd~vlded the California
Aqueduct into repayment reaches (see Figure XIII.I ). The project contractors
draw their wa~er supplies at different ~rnou~ alone the various reaches. For
the purpose of simulation the deliveries to the contractors from the various
reaches have been aggregated into control point diversions. Some specific
loca~ions on the Aqueduct can be Identified with Control Poln~s in the
simulation model. Tables XIII.~ and XIil.2 llst the relationship between
reaches and control points. Figure XIII.2 shows this relationship alone with
flow carTyinE capacity of the various reaches and at the control poln~s.

Operation of the Cali£ornia Aqueduct Is a£fected by physical llmita at various
locations ~o convey water to the downstream users. These physical limits are
placed on the aqueduct as input to the model. The limits, as shown in
Table XIII.2 at the various control points alonE the aqueduct, are chosen
based~on the carrying capacity o[ the aqueduct and/or pumping plant capacity,
which ever is applicable for that control point.
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Figure ~]3~.1 CALIFORNIA AQUEDUCT REPAYMENT REACHES
PROJECT TRANSPORTATION FACILITIES
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XIV. CONJUNCTIVE OPSRATION OF GROU~D WATER STORAGE

In order ~o maximize the use of surplus water in the Delta, ground water
storage projects south of the Delta may be established and operaSed as an
integrated system wi~h the surface wa~er storage north of T/ue DelTa.

The simulation model, at present, treats W~he integrated g~ound water projects
as simple reservoirs in the network and part of ~he SWP system. Conjunctive
operation of ground wa~er projects provides ~hat storage releases from
Oroville and San Luis Reservoirs, as well as Delta surpluses, are used for
recharge. One or more ground water projects, as represented on the network
diagram in Figure 1.2, may be simulated.

The recharge pattern for ground water basins may be set as a consTant amount
or it may be. varied on a 12-month pattern. In ~he same manner, ground wa~er
withdrawals may be assumed as constant or variable each month. Depending on
water year type, as determined by The four river index, ~he mode! will assume
tha~ either recharge or withdrawals occur beginning in March and continuing
through The following February. The model was designed to assume ~ha$ when
wiT/%drawals are necessary, Z~ey begin in March ~o assist in meeting demands
during the operation year. The rationale for tills is that under ac~/al SW~
operation project operators could forecast the need for supplement supply and
no~ wai~ until summer ~o de~ermine t/faT ground water withdrawals would be
needed. It would then be too late to provide much delivery assisTance since
The monthly ground water withdrawal razes would be limited.

The model has the flexibility to establish which year types will have recharge
and which year types will have withdrawals. For exasple, one may specify ~o
recharge in we~, above normal, and even below normal year types. Additional
rules also govern the operation of The integl~ated ground water reservoirs.
Regardless of the year ~ype, ground water recharge wil! be discontinued if
Oroville Reservoir falls below a particular monthly target level (established
at The beginning of the study). At present, leve! ~wo (RL2) at Oroville
Reservoir is used for this purpose. Further, ground water withdrawals will
begin if Oroville Reservoir falls be!ow still another speclfled~arge~ level at
¯ he end of February. Ground water withdrawals will be discontinued during
those months in critical years when (I) there is surplus DelTa ouT21ow, (2) all
SWP s~orage facilities south of t~he Del~a are full, and (5) there is Del~a
Pumping Plant space and aqueduc~ capacity available to meet demands directly
from The DelTa. Various other recharge and withdrawal assumptions can be
easily incorporated.

Ground water projects south of the DelTa can also be viewed as local ground
water facilities that are not fully integrated into the SWP system. In these
ins%ances, The local ground water projects are simply viewed by the model as
additional water demands on some specified pattern, and the operation of the
local ground water reservoirs per se are not simulated.
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TABLE Xi!l. 1

Con%rol Poln~s Representation of Reaches
of the California Aqueduct

Control
Poln~ Control Point

Number Labe i AqueducZ Reaches

55 North Bay Aqueduc~ INB, 2NB, 3NB

65 South Bay Aqueduct ISB, 2SB, 4SB, 5SB, 6SB, 7SB, 8SB, 9SB
1, 2A, 2B,

127 Coastal Branch;
, Reaches 4-8D

122 SWP Reaches
9+20% 10A 9, 20% of 10A

125 Cross Valley Canal 12E

131 SWP Reaches 80% 10A -
13B; Buena Vista PP 11B, 12D, 12E, 13B, 80% of IOA

124 SWP Reaches
14A- 14C;
Wheeler Ridge PP 14A, 14B, 14C

125 ~ SWP Reach 15A;
Wind Gap PP

126 SWP Reach i6A;
Edmons~on PP 16A

132 SWP Reaches
17E - 17F 17E, 17F

154 SWP Reaches
18A-22A 18A, 19, 20A, 20B, 21, 22A
Pearblossom PP

SWP Reaches
22B-24;
Silverwood Lake 22B, 23, 24

137 S~P Reaches
25, 26A 25, 26A

27 SWP Reaches
28G-28J;
Lake Perrls 28G, 28H, 28J

28 SWP Reaches
29A-29J;
Pyramid Reservoir 29A, 29E, 29G, 29H, 29J

140 S~ Reach 30
Castalc Reservoir 30
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Figure Xlll.2 CALIFORNIA AQUEDUCT CAPACITY CONSTRAINTS

Simulation                                                                 Simulation
Model QH Hodel QH

Feature Reach Capacity Control Existing Future Feature Reach Capacity Control Existing Future
cfs Point cfs cfs cfs Point cfs      cfs

Clifton Court FB
~

~
A D Edmonston PP ~ 4,090

H O Banks Delta PP 1 6,240 10,300 17E
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Check 9 ...... 10,000                                                                                                                       1,637    3,037
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Check 12 ................ 19 1,637
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Check 19 ............. 23 1,193
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9       7,300                                                                 26A     1,200
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IOA 7,150 ~/ 6,350Check24
lib 6,350 Santa Ana 28G .~
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Tupman 12D 5,950     ~ Lake Perris 28J12E
Check 28 ................
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5,050                  Bifurcation                                               3,129Buena Vista PP

14A 5,050 Oso PP 29A
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Castaic PH           29J
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XV. OPERATION OF SOUTHERN CALIFORNIA TERMINAL RESERVOIRS

On the East Branch of the California Aqueduct the~e are V~o regulating
reservoirs, Silverwood Lake and a ~erminal reservoir at Perris. They provide
an annual regulatory storage of about 60 TAF. Wa~er held in storage also
serves as insurance in case there is a prolonged outage in t~e California
Aqueduct. Water flows by gravity f~om Silver~ood Lake through San Bernardlno
Tunnel, through Devil Canyon Powerplant and finally tm Lake Perris.

On the West Branch of the California Aqueduct there are two more ~egulatory
reservoirs. Pyramid Lake con~Ins a gross capacity of 171 TAF and Cas~aic
Lake serves as the Zerminal reservoir on the West Branch with a gross capacity
of 324 TAF. Both of these reservoirs provide opporZunities for generation of
hydroelectric power.

There are several fundamental considerations which must be kept in mind while
setting Zarget storages for the tarminal reservoir operations:

(I) Under the water supply contracta with the S;@? Contractors these
reservoirs are not considered conservation facilities, and hence, should
not be considered other ~han limited annual cyclic storage for the purpose
of contributing to project yield.

(2) For Pyramid Lake the reservoir should not be allowed to drop below the 170
TAF level as agreed upon by DWR and LADW?. Lower operations would only be
allowed for short time periods or under emergency conditions.

(3) For Cast~ic Lake the drawdown between April and September should not
exceed 90 ft (164 TAF storage) as per Memo of Understanding with USFS
dated January 9, 1970 ¯

(4) Based on information supplied by Division of Operations and Maintenance
Zhe following minimum and maximum operating storages may be used for the
four reservoirs.

Sllverwood       Perrls       Pzramid        Castaic
(All Values in TAF)

Minimum Storage 44.0 31.0 120.0 55.0
Normal Cycle Minimum 44.0 97.0 170.0 125.0
Maximum Storage 75.0 131.0 171.0 324.0 -

Note that minimum storage of 120 TAF in Pyramid Lake is to mainzain power
generation head.

Based upon the above considerations and keeping in mind that the r~servolrs
are operated to deliver some of the entitlement water in summer months. The
following set of rule curves, target end-of-month storages (TABLE XV.I) have
been designed and may be used for simulation purposes for any present or future
level studies, irrespective of the demand being placed on the system.
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Rule Curves For Terminal Reservoirs
.End of MonZh S%ora~e in TAF

Mon:h Silverwood Perrls Pyramid, CasZalc

Oc%ober 44 97 170 125
November 50 98 170 155
December 55 10¢ 170 185
January 60 111 170 220
February 65 119 170 255
March 70 124 .170 290
April ¯ 73 127 170 324
May 70 124 170 295
June 65 121 170 265
July 60 117 170 250
Augus% 55 113 170 " 195
Sep%ember 50 108 170 160
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Appendix A

DelTa OuT.flow Requirements for
Use In Planning Simulation Model
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This Appendix describes ~he assumptions and procedures currently used in
the developmen~ of data se~s for (I) D-1485 minimum required del~a outflows
(C.P. 58 Diversion), (II) additional delta ouZflows required by DWR’s contract
wi~h North DelTa Wa~er Agency (C.P. 56 Diversion), and (III) carriage water
requirements (C.P. 60 Diversion). For any simulation model study The ~o~al
Delta outflow requiremen$ will always be the sum of these three diverslc~
components as fiuey appear in the s~udy resul%a (output Tape 7). Much of ~he
basic outflow data has been provided by Central Dls~rlct personnel, since ~hey
dev~loped ~he relationships necessary ~o convert D-1485 wa~er quality
requlremen~s (electrical conduc~ivlty, total chlorides, etc.) into
corresponding flow units (cfs).

I. Derivation of D-1485 Minimum DelTa Outflow RequiremenZa:

The data library currently contains four versions of ~he D-1485 minimum
ou~flow requirements as shown in The accompanying Tables A-I ~hrough
A-$. These four versions are based on (I) ~wo flow/salinity
relationships for ~he Emmaton agricul~ural standard~ and (2) ~he choice
of assuming either Interim or Permanent Suisun Marsh criteria. These ~wo
alternative criteria, as well as other assumptions common to all four
versions of the C.P. 58 diversion se~s, are described as follows:

A. Emmaton Flow/Salinity Relationship:

Centra! Dis~ric~ currently has two estimates of the amoun~ of flow
required to maintain f/ue Emmaton agricultural wa~er quali~y
requiremen~ (EC units). For example, the "old" relationship calls

~ for a flow of 6,200 cfs to maintain a 0.45 EC, while Tile more
recent "new" relationship requires a flow of 7,585 cfs ~o maintain
~he same 0.45 EC .aZ Emmaton. We are CUrTently using the "new"
EmmaZon relationship in most simulation model s~udles, since it
produces toTal ou~flow requirements that are similar ~o f~ha~ used in
the C0A s~/dies.

B. Interim or Permanent Suisun Marsh Criteria:

Two versions of D-1485 outflow requirements have been established
reEardlng fish and wildlife standards for ~he Suisun Marsh area. As
specified in D-1485, the Interim Marsh requirements (primarily at
Chlpps Island) a~e to be mainTained unti! that t/me in the future
when permanent facilities are constructed to improve Suisun Marsh
conditions (initially %he Montezuma Slough Control Szructure). Once
~hese permanent facilities are in operation, D-1485 specifies
alternate (often lower) flow requirements will be allowed a~ Chipps
Island. These alternate D-1485 criteria with Permanent Suls~un Marsh
facilities are estlma~ed requirements (by Central Distrlc~), and will
be subject to change, depending on how well the p~oposed Permanen~
Facilities ac~ually work. Since there are five distinct Chipps
Island standards specified in D-1485, switching from Interim ~o
Permanent Suisun Marsh cri~erla involves numerous specific chanEes
the YD58 da~a sete.

A.I
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I~ should also be noted ~hat the ~wo YD58 daZa se~s with Permanent
Marsh standards do not include any additional wa~er for diversion
Into Sulsun Marsh via the MonTezuma Slough Control S~ruc~ure.
Central District has recently evaluated various estimaTes (800 cfs
diversion for eight months each year), but the amount needed for this
diversion has not been finalized. Thus, the ~wo YD58 da~a sets wiT/%
P ermanen~ Marsh s~andards may ~tnderestima~e the total amount of
r~qulred Del~a outflow.

AddiZlonal assumptions common ~o all four YD58 da~a sets are as follows:

C. April I - May 5 deficiency year outflow relaxation for An$ioch
Waterworks fish and wildlife criTeria:

As specified in D-1485, this outflow standard can be relaxed
(reduced) from April I through May 5 in any Dry or Critical year when
either the CVP or SWP impose deficiencies on their contract wa~er
deliveries. The amount of ou~flow relaxation allowed varies in’
proportion ~o the ~otal (hoT2% CVP and SWP) sysTem-wide project
deficiency imposed in MAF/year units. Therefore, the amount of
relaxation of r/hls sr~ndard will vary with each sim~latio~ model
s~udy, depending on the level of CVP and SWP demands assumed. The
four YD58 sets in ~he data library have April I through May 5 ou~flow
relaxations incorporaTed in deficiency years, based on the following
CVP and S’~P assumptions:

o both the CVP and SWP imposed 25% agricul~/ral deficiencies in the
following years: 1924, 1929, 1931, 1933, 1934 and 1976; plus a 50%
agriculZural deficiency in 1977.

o the combined CVP and SWP 25% deficiency is assumed to be I .776
MAF/year, based on average year 2000 level demands.

D. Special October through December deficiency year relaxation for use
only when In~erim Suisun Marsh criTeria are assumed:

As specified in D-1485, the Interim Suisun Marsh criteria allow an
additional outflow relaxaZion from October I through December 31 of
any Dry or Critical year in which either Zhe SWP or CVP imposes a
deficiency on project demands.~ This is a fixed outflow relaxation
from 4,500 cfs ~o 3,500 cfs (based on Central Districm da~a), and is
imposed in full or not at all. When Permanent Suisun Marsh
facilities are assumed this special relaxation criteria is eliminated. _

Thus, the two versions of YD58 data sets with Interim Marsh criteria
assume this relaxation in all the CVP and SWP deficiency years listed
in the proceeding Section.

A.2
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E. D-q485 M&I s~andard for chloride levels (rag/l) at Antioch Waterworks
Intake on the Se~ Joequln River:

This criteria is not included in the four YD58 da~a sets currently
used in the simulation model, and is difficu!t to evaluate. Since
T/%e urai~s are specified in m~/l, ~elationships musZ be developed by
Central District personnel to convert this criteria to flow ~unlts in
cfs. However, such a relationship is dlfflcul~ to develop, since
chloride concentrations in ~/I can vary for any given flow ra~e. As
an al~ernative Central District does have ~he capability to evaluate
total Delta ou~flows resulZinE from our Planning Simulation Model
s~udles, in order to verify ~haZ M&I s~andards (for chlorides) have
been maintained.

F. D-1485 fish and wildlife criteria at Rio ¥is~a for salmon mi~z~atlons:

For Septamber 1 ~hrough December 51, this criteria for minimum
fishery-flows in the lower Sacramento River is not modeled in the
four YD58 data sets currently used. Except for Wet year
classifications (with a 5,000 cfs fishery flow requirement), this
flow is always smaller than other D-1485 standards for the same
period and thus is not a controlling outflow requirement.

For ~he 5,000 cfs Sept.-Dec. flow requirement in Wet years, the four
YD58 da~a sets assume that a "rit~u-Delta" facility does not exist.

~ As such it is assumed tha~ CVP and SWP wa~er for export will flow
past Rio ¥1sta before being diverted across the Delta to the CVP and

~    SWP pumping plants. Thus, 5,000 cfs Rio Vista fish flow is s~ill
¯maintained, partly by water for CVP and SWP export and partly by ~he

next lower D-1485 outflow s~andard.

I~ is important to note that the above assumption (and the resulting
YD58 data sets) will not be valid when a "t~hru-Delta" facility does
exist, since water for CVP and SWP expor~ could be diverted from the
3acramenZo River above Rio Vista. Thus, for sZudies wi~h a "t~hru-
Delta" facility, the four YD58 data sets should be modified by
increasing the D-1485 outflow requirement to 5,000 cfs for September
through December in Wet waZer years.

G. The lowes~ allowable minimum Delta outflow requirement is assumed to
be 2,500 cfs in the four YD58 data .sets, even Zhough some of ~he
D-1485 s~andards actually specify lower amounts (down ~o I.,000 cfs)
in the summer and fall months of Dry and Critical years. The
specific reason for ~he 2,500 cfs minimum flow is not documented, but        -
it is generally assumed r.hat 2,500 cfs would be the minimum
acceptable flow for Delta operations, navigation, and salinity
repulsion.

A.3
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II. Derivation of SWP additional Del~a outflow requirements as specified in
~he DW~ c6nt%~’~t wi~h the ~orth Del~a Water A~ency (~DWA~:

This agreement between DWR and the NDNA specifies a set of agricul~ral
wa~er quality standards (in EC) for several locations in the Bel~a. At
times these standards require Del~a flows that are larger than the
corresponding period D-1485 requirements, while at other times no
additional outflow is needed (D-1485 requirements are higher). Nhen
additional flows are needed to maintain these NDWA requlremen~s, the
water ~cst be released from SWP facilities only (primarily Oroville
Reservoir). These additional outflow requlremen~s in excess of the
D-148~ standards (YD~8) are represented as C.P. ~6 diversions in the
results of simulation model studies.

As shown in Tables 5 ~and 6 two versions of the YD56 data sets are
available; one using the "old" Emmaton flow/salinity relationship, and
the other with the "new" Emmaton relationship. Bo~h data sets were
developed by Central District personnel in told-1982, and should be used
wi~h the corresponding version of D-1485 outflows (old or new Emmatcn~
versions of YD58). The YD56 input d~a sets for the Planning Simulation
Model. contain the full flow requirements necessary ~o comply with the
NDWA requirements, whereas the YD56 diversions shown in the results of
a study will only represent the incremental YD56 flow in excess of the
D-$485 reqcirement at YD58 (which will always be less than the fall YD56
input da~a set).

The additional outflow requirements specified by the YD~6 da~a sets are
generally used in simulation model studies where existing Delta
facilities are assumed. However, a future Delta project known as the
"Sherman Island Overland Wa~er Facilities" is being planned ~o supply
good quality ~water to agricultural lands served by the NDWA. When these
Overland Facilities are completed (in future level simulation model
studies), additional YD56 Delta flows would not be needed ~o satisfy the
NDWA requirements. Under this assumption ~he incremental NDWA outflow
requirements drop to zero, and no ~D56 da~a se~s are used.

III. Description of Carriage Na~er Requirements:

Carriage water is generally defined as additional Del~ outflow required
to control sea water intrusion from San Francisco Bay and ~he ocean.
This outflow is required in addition to the basic outflows specified by
the D-1485 standards (YD58), and v~ries as a function of (I) CVP and SWP
Delta ~ export pumping and (2) south Delta inflow from the San Jcaquin              -
River and the Eastside stream gro,~p (Cosumnes, Mokelumne and Calaveras
Rivers). In general, carriage water requirements wall increase when

ōtal expor~ pumping increases, and will decrease in relation to
increases in south and east Delta inflows.
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Carriage water requirements are ~reatsd as an in-basin use and are
specified as a diversion at C.P. 60 in all simulation model s~udies that
assume ~he existing Del~a conflgurmtion and facilities. However, for
s~udies assuming the completion of a "thru-DelWa" facility or other Delta
channel improvements, ~he carriage water requirements (and input data)
arm eliminated. This is based on ~he presumption that the improved Del~a
flows and circulation resulting from a thru-Del~a facility would be able
to control sea water in~rusion, and thus eliminate ~he need for carriage
water.

When carriage water is r~qulred, it would not he distinguishable from
other required outflow and would ~herefore be supplied from both CVP and
SWP reservoirs, in accordance with the sharing ratios specified by ~he
CGA.

In the simulation model carriage water da~a consists of a single set of
to~al erpor~ pumping/Delta outflow relationships (DP/DF data) which are

~Inserted at C.P. 60 in the input data file. Currently only one
version of the carriage water data file exists, as developed by Central
District personnel. This carriage water data se~ ac~ually contains 72
distinct DP~F relationships, one foreach month of the year for six
different Wa~er Year classifications (Wet, Above Normal, Below Normal,
Dry, Critical and Critical following Critical).

For each year type and month, ~he simulation model will calculate ~he
~otal CVP and SWP export pumping; adjus~ for Eas~side streams and San
Joaquin River inflow; and then use ~he appropriate DP/DF relationship to

~determine ~he To~al Delta outflow needed ~o control sea water intrusion.
Nex~ the simulation model will comparm this~ total outflow with the D-1485
minimum required outflow (YD58) for ~he corresponding month, and
calculate the carriage water (C.P. 60 diversion) as the difference
between the ~wo Del~a outflows. If the D-1485 outflow requirement is
greater than the total Delta outflow for sea water, intrusion, the total
Delta outflow requirement becomes diversion at C.P. 58 and the carriage
water requirement will be zero.

Since carriage water varies as a function of CVP~ and SWP Delta pumping,
it is import~u~t ~o note that any changes in the months when export
pumping occurs can significantly alter carriage wa~er requirements for a
given s~udy. In general, minimizing CVP and S~ expor~ during ~he
summer and fall months at t.he Tracy and Banks Pumping Plants will reduce
carriage water requirements and maximize project deliveries.
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